The authors have examined the relation between the Quetelet body mass index (BMI) and 26-year nsk of all-cause mortality in a population of 12,576 non-Hispanic white, Seventh-day Adventist women (ages 30-74 years) who never smoked. Mortality risk for each BMI quintile (I, <21.3 kg/m 2 ; II, 21.3-22.9 kg/m 2 ; III, 23.0-24.8 kg/m 2 ; IV, 24.9-27.4 kg/m 2 ; and V, >27.4 kg/m 2 ) was determined from a proportional hazard regression with adjustment for age and other covanables. In this population, the overall BMI-mortalrty relation showed dependence on age, duration of follow-up, and baseline indicators of preexisting illness (weight fluctuation, history of major chronic disease, and severe physical complaints). Therefore, the analysis focused on women with no indicators of preexisting illness, and risk estimates were stratified by age at baseline and duration of follow-up. Among middle-aged women (ages 30-54 years), the authors found a weak linear relation dunng years 1-8 (median attained age, 51 years), a significant linear relation during years 9-14 (median attained age, 57 years), and a significant nonlinear (U-shaped) relation during years 15-26 (median attained age, 68 years). Among older women (ages 55-74 years), they found a significant nonlinear (U-shaped) relation dunng years 1-8 (median attained age, 71 years) and significant linear relations dunng years 9-14 (median attained age, 77 years) and years 15-26 (median attained age, 87 years). These findings implicate overweight as a nsk factor for fatal disease among women throughout adulthood and raise the possibility that lean, apparently healthy, middle-aged women may expenence a higher risk of death dunng old age due to their lower body weight. Am J Epidemiol 1997; 146:1-11. aged; middle-aged; mortality; obesity; Seventh-day Adventists The relation between body weight and longevity has not been clearly defined over a full range of body weights. While numerous studies have shown an increased overall mortality among the overweight and obese (1-3), the mortality experience for moderately overweight and underweight individuals is less certain (4). Estimates of the optimal weight for longevity based on actuarial studies (5, 6) have increased over
The relation between body weight and longevity has not been clearly defined over a full range of body weights. While numerous studies have shown an increased overall mortality among the overweight and obese (1) (2) (3) , the mortality experience for moderately overweight and underweight individuals is less certain (4) . Estimates of the optimal weight for longevity based on actuarial studies (5, 6) have increased over the past 30 years due to findings of improved longevity in persons slightly above the height-specific "desirable" weights reported in 1959. In large prospective studies, the relation between the Quetelet body mass index (BMI) and mortality has been most often described as J shaped or U shaped (7) (8) (9) (10) . Such nonlinear trends would suggest an excess mortality in both overweight and underweight persons. Some recent studies have shown a linear increase in mortality with increasing body mass (11) (12) (13) .
Certain methodological issues in studies of mortality and body mass have been cited as possible reasons for the inconsistencies in the findings. The confounding effect of cigarette smoking is controlled in some (6, 7, (9) (10) (11) (12) (13) , but not all (5, 8, 14) , studies of BMI and mortality. Reported elevations in the unadjusted risk 2 
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of mortality among lean individuals may be due to the higher prevalence of smoking found among lean subjects in many cohorts. Other confounders that may affect mortality patterns over levels of body weight include alcohol use, dietary (saturated fat) intake, and physical activity (15) . The effect of subclinical disease at entry into the study could result in an elevation in mortality risk that is observed among subjects who were lean due to illness at the time of anthropometric measurement (4) . This artifact would most likely be found in studies with a shorter duration of follow-up (16) or in studies in which the early mortality was not removed from the analytic population (7) . In addition, because of age-related changes in the amount and distribution of body fat, the impact of baseline body mass on risk of mortality during a given follow-up period is likely to be dependent on both the age at baseline and the duration of follow-up (17, 18) .
In this study, we present the 26-year all-cause mortality experience of 12,576 non-Hispanic white Seventh-day Adventist women (aged 30-74 years). This study of women who never smoked and who also reported a relatively low consumption of alcohol and animal products provides a unique opportunity to examine the independent effect of body weight on the mortality patterns of women. To investigate changes in the mortality patterns due to age at baseline and duration of follow-up, we determined age-specific risk of all-cause mortality across levels of BMI during specified intervals of the 26-year follow-up period.
MATERIALS AND METHODS Study population
In 1960, 27,530 California Seventh-day Adventists aged 30 years or older completed a four-page American Cancer Society questionnaire (7) that included items on demographic, medical, dietary, and lifestyle characteristics. The details of this population have been described previously (19) (20) (21) . Of the total female respondent population (n = 17,548), 16,946 (97 percent) had complete birth year information and were used in the present study.
Deaths were ascertained during 26 years of follow-up by computer-assisted record linkage with the California Death Certificate File, use of church membership records, and telephone contact with close relatives. The validity of the record linkage procedure was tested in substudies that have been described elsewhere (20, 21) . Briefly, the accuracy of record linkage was assessed by an intensive personby-person follow-up of 600 randomly chosen subjects that revealed that 6 percent of deaths in the sample were not detected by death certificate record linkage and that 2.8 percent of these deaths occurred outside Califomia (21) . At the end of the follow-up period, additional tracing of the out-of-state deaths and missing subjects in the total study population was conducted using church records and by telephone contact with close relatives; additional death certificates (n = 401) were ordered to confirm deaths that were identified using these methods.
In the female respondent population (n = 16,946) that was studied, there were not sufficient numbers of current smokers, past smokers, nonwhites, or subjects aged 75 years or older to allow for separate analyses of each group. Due to the likelihood that the impact of BMI on mortality would be different in these groups (4, (22) (23) (24) , we restricted the final analysis to neversmoking, non-Hispanic white women aged 30-74 years. Hence, the analytic population consisted of 12,576 women.
Validity study
Height and weight were measured during an inperson interview of a sample of 118 non-Hispanic white Adventist respondents to a mailed questionnaire (25) . The correlation between self-reported body weight and body weight measured up to 1 year after questionnaire return was 0.95 for the total sample and 0.94 for women (n = 59).
Data analysis
The study endpoint was all-cause mortality. Since our primary objective was to study the role of BMI in the etiology of degenerative fatal disease, subjects who died from poisonings, accidents, and congenital malformations (537 deaths; International Classification of Diseases, Eighth Revision, codes 740-759 and 800-999) contributed person-time until the year of death, but these deaths were not included in the endpoint for all-cause mortality. BMI (Quetelet index, kg/m 2 ) was determined from height (without shoes) and weight (in indoor clothing) values reported by subjects on the baseline questionnaire and for parts of the analysis was categorized into quintiles as follows: I) <21.3 kg/m 2 ; II) 21.3-22.9 kg/m 2 ; HI) 23.0-24.8 kg/m 2 ; IV) 24.9-27.4 kg/m 2 ; and V) >27.4 kg/m 2 . Changes in weight were determined from a subject's response to items on the baseline questionnaire that requested information on history of weight gain, weight loss, and the time elapsed during the reported fluctuation. Questionnaire items were also used to determine the prevalence of pertinent disease history (heart disease, stroke, cancer, diabetes, and hypertension) and severe "present physical complaints" (chest pain, shortness of breath, blood in stool, blood in Body Mass and Mortality among Women Who Never Smoked 3 urine, lump or thickening in breast, unusual discharge from breast, unusual bleeding from vagina, fatigue, or loss of appetite) experienced at baseline. In previous studies that have used the American Cancer Society questionnaire (7, 26, 27) , these latter items have been used to determine indicators of preexisting illness at baseline. Baseline characteristics of the study population were compared across quintiles of BMI by x 2 or one-way analysis of variance. The relation between BMI and all-cause mortality was investigated by computing the hazard ratio for each BMI quintile (relative to the lowest quintile) from a Cox proportional hazard model with "time on study" as the time variable. Subjects alive in 1985 were censored at the end of the study. Confounders in each model included a continuous, log-transformed variable for age at baseline and four indicator variables: alcohol use (relative to never consumed), dietary pattern (nonvegetanan, low energy, and high-dairy vegetarian relative to low-dairy vegetarian), current marital status (married relative to not currently married), and education (7-12 years and >12 years relative to <7 years). The dietary pattern variables included in all multivariate models were determined from a cluster analysis (28) of responses to items on the questionnaire (7) regarding frequency of use of 21 specific foods. The four clusters identified from this analysis are presented in table 1, and the subjects in each cluster were characterized by a specific diet pattern on the basis of the type and frequency of foods consumed (28) . There were subjects with missing data for some of the variables in each model who were retained in the analyses using methods described by Woodward (29) . These methods did not identify important differences in mortality risk among the nonresponders.
Interaction terms for BMI quintile X /(time on study) and BMI quintile X /(age at baseline) were also tested where the function / was defined using both continuous and discrete functions (coded indicators for levels of age and time on study) to allow for linear and nonlinear interactions. The BMI quintile X /(time on study) terms were used to evaluate the model assumption.
In formal tests of interaction in the total study population, terms for BMI quintile X /(age at baseline) and BMI quintile X /(time on study) attained significance (p < 0.0001, log-likelihood ratio test). Therefore, for the primary analyses, we divided the 26-year follow-up period into four smaller study periods (years 1-8, 9-14, 15-19, and 20-26) of approximately equal person-years, where the hazard rate would be less fluctuating. As expected, the hazard rate within each of the four study periods was not shown to be significantly dependent on follow-up time and therefore did not require an the additional product term in the model. To achieve four discrete study periods, two modifications to the populations within each of the periods were needed: 1) subjects with follow-up times after the end of the study period were censored at the end of that specific period; and 2) deaths that occurred before the beginning of a study period were excluded from the analysis for that specific study period. Effect modification by age at baseline was further evaluated by stratifying the analysis for each study period into two age-specific groups: women aged 30-54 years and women aged 55-74 years. Thus, multivariate hazard ratios for each BMI quintile were determined from eight models for each of the two age-specific groups in each of the four study periods.
We note that the use of indicator variables to estimate risk for each BMI quintile makes the assumption that there is no variation in risk within each quintile. In our study population, this assumption becomes less tenable when we attempt to characterize the BMImortality relation in the extremes of the BMI distribution (overweight and underweight). Furthermore, the evaluation of trends over the full range of BMI is hindered by the fact that plots of the risk estimates from indicator variables are "step" functions and not smooth curves. To preserve the within-category variation in risk when determining the BMI-mortality relation, we conducted additional analyses in which the indicator variables for BMI in the model were replaced with BMI parameters for an unrestricted quadratic spline model. These methods have been described by Greenland (30) and are presented in Appendix 1. Of particular interest to our study was the assessment of linear and nonlinear trends between BMI and mortality risk. Simple tests of trend, such as the Mantel test, evaluate the null hypothesis of no linear trend component in the data but cannot rule out the presence of a significant nonlinear relation. To address this issue, we tested for linear and nonlinear trend. To test for nonlinear trend, we used the significance level determined from a log-likelihood ratio test of the quadratic terms (•y ) (/o ( g(BMI)) 2 + ^Zy t s?) in the unrestricted quadratic spline model described in Appendix 1 as a formal test of deviation from monotonicity. When a significant nonlinear trend was statistically "ruled out" by these methods, we tested for linear trend using a model with log(BMI) as the only variable for BMI. Specifically, we have reported linear trend as being the significance of the regression coefficient J3, where
Risk per unit increase in BMI = = BMI
This term provides the flexibility to fit a complete range of monotone functions (linear (|/3| = 1), exponential (|/3| > 1), and root (|j3| < 1)). Thus, in this analysis, the distinction between linear and nonlinear trends is based on the monotonicity of the relation rather than on exact mathematical linearity. This methodology enables us to formally test for direct versus Jor U-shaped relations with BMI.
RESULTS
During 290,287 person-years of follow-up , 3,280 deaths were recorded among the 12,576 Adventist women in the study population. Height and weight values reported by subjects on the 1960 questionnaire were used to determine BMI (kg/m 2 ). The mean BMI for the population was 24.6 kg/m 2 (standard deviation, 4.3). Selected demographic and lifestyle characteristics also reported in 1960 are presented by quintile of BMI in table 2, and significant between-quintile differences are reported. These differences were most evident among subjects with a higher BMI, who tended to report fewer years of education; a nonvegetarian diet pattern; and a higher prevalence of weight gain, heart disease, diabetes, and hypertension at baseline.
For the four study periods described above (years 1-8, 9-14, 15-19, and 20-26), a multivariate hazard ratio for each BMI quintile was computed for women in each age stratum (ages 30-54 and 55-74 years). The trends in mortality risk versus BMI for the latter two study periods (years 15-19 and 20-26) were quite similar. Therefore, for the primary analysis, these study periods were combined into a larger interval, in which no significant deviation from the proportional hazard assumption was evident. Hence, an agestratified analysis of women in three study periods (years 1-8, 9-14, and 15-26) is presented in table 3. Taken together, the risk estimates in table 3 indicate that the relation between BMI and mortality risk in this population is dependent on age at baseline and duration of follow-up.
During the first 14 years of follow-up (table 3 , all women), significant nonlinear (U-shaped) relations between BMI and mortality are evident during years 1-8, but not during years 9-14. To examine the effect of preexisting illness on these trends, we also present in table 3 an analysis that is restricted to 1) women with stable weight; and 2) women with stable weight who were free of certain chronic diseases (heart disease, stroke, and cancer) and who reported no severe physical complaints at baseline. Among women aged 30-54 years, the latter set of exclusions markedly attenuated the nonlinear relation observed during years 1-8 and strengthened the linear relation observed during years 9-14. Both effects strongly suggest that excess mortality risk among lean women during the first 14 years of follow-up was due to the higher mortality rate among women who were lean due to illness at baseline. Among women aged 55-74 years, these exclusions had little effect on the trends during the first 14 years of follow-up, suggesting no apparent influence of preexisting illness on the observed mortality risk.
During 15-26 years of follow-up (table 3, all women), the relation between BMI and mortality risk showed a strong dependence on age at baseline. A significant nonlinear relation between BMI and mortality is shown among women aged 30-54 years, and a significant linear relation is shown among women aged 55-74 years. The exclusions described above and in table 3 did not appreciably alter these trends.
In table 3, the data from women with stable weight who were free of chronic disease and severe physical complaints at baseline are of particular interest when attempting to determine the impact of BMI on mortality risk measured among apparently healthy women. Therefore, in figure 1 (ages 30-54 years) and figure 2 (ages 55-74 years), we plotted the mortality risk from unrestricted quadratic spline models against a continuous BMI variable to determine mortality risk over the full range of BMI in each study period (see Appendix 1). In figures 1 and 2, the median attained age for each study period is presented to identify possible agerelated changes in the BMI-mortality relation. Among women aged 30-54 years (figure 1), a weak linear relation with BMI is evident during the first 8 years of follow-up (median attained age, 51 years), a significant linear relation is shown during 9-14 years of 
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FIGURE 2. For older (ages 55-74 years) women who reported never smoking, stable weight, no history of chronic disease, and no severe physical complaints at baseline, hazard ratios and simultaneous 95% confidence intervals for BMI-specific, all-cause mortality risk (relative to a BMI of 20 kg/m 2 ) dunng three study periods are plotted on a logarithmic scale and were determined from Cox regression of an unrestricted quadratic spline model (see Appendix, Model specifications) that included covanates for age, alcohol use, education, marital status, and diet pattern. Adventist Mortality Study, California, 1960 -1985 follow-up (median attained age, 57 years), and a significant nonlinear relation is present during 15-26 years of follow-up (median attained age, 68 years). Among women aged 55-74 years (figure 2), a significant nonlinear relation is evident during the first 8 years of follow-up (median attained age, 71 years), but this reduces to a more direct relation and significant linear trends during the later study periods (median attained ages, 77 and 87 years).
It is noteworthy that the significantly higher mortality rate among the leanest women aged 30-54 years after reaching age 45-80 years ( figure 1, years 15-26 ) correctly predicts the significant elevation in risk among the leanest women aged 55-74 years that is observed shortly after baseline ( figure 2, years 1-8 ). This would suggest that at least some of the excess risk among the lean women aged 55-74 years is due to an age-related etiology rather than to preexisting illness.
In this context, it is also noteworthy that in figure 2 the significant nonlinear relation among women aged 55-74 years during years 1-8 is not substantially altered after exclusion of the first 4 years of follow-up (hazard ratio by BMI quintile during years 5-8: 1.0, 0.72, 0.57, 0.95, and 1.2; nonlinear trend, p = 0.02).
Among the five potential confounder covariates in each multivariate model, only age at baseline showed a significant independent association with mortality. In larger models, a significant (p < 0.01) twofold elevation in mortality risk was shown for women with history of hypertension or diabetes, and this adjustment resulted in a slight decrease in the magnitude of the hazard ratios for the highest BMI quintile. The latter is suggestive of the presence of known causal pathways among the heavier women (4). A variable for menopausal status (premenopausal, postmenopausal) was also added to the larger models described above, but did not alter the hazard ratios for BMI or attain significance. Stratification on this variable also revealed no important differences in the BMImortality relation.
The analyses described above were also conducted for certain disease-specific mortality endpoints (1,962 cardiovascular disease deaths, 730 cancer deaths, and 588 deaths from all other fatal disease). The diseasespecific trends indicated that the elevation in mortality risk consistently found among women in the highest BMI quintile was primarily due to cardiovascular disease, while the elevation in mortality risk among women in the lowest BMI quintile during certain study periods (figure 1, years 15-26; figure 2, years 1-8) was due to cardiovascular disease and, to a lesser extent, to other fatal diseases. The analyses described above were also conducted after the inclusion of deaths due to poisoning, accidents, and congenital malformations in the total mortality endpoint, but these additional deaths did not appreciably alter the risk estimates for middle-aged women (study period, hazard ratio by quintile: years 1-8, 
DISCUSSION
During 26 years of observation among 12,576 nonHispanic white women who never smoked, an elevation in risk of disease-related mortality among women with a BMI of greater than 27.4 kg/m 2 is consistently shown over time and is in agreement with numerous studies linking obesity to an elevated risk of death (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . However, the overall relation between BMI and mortality in this cohort varied by age at baseline, duration of follow-up, and indicators of preexisting illness. The latter effect was similar to findings in the other populations (10, 11, 16, 31, 32) and is likely attributable to women who were lean due to illness at baseline (4) .
Our most detailed analysis focused on women with no presumptive evidence of baseline illness (figures 1 and 2), and the major findings from this group are as follows. Among middle-aged women (age 30-54 years), a linear relation between BMI and mortality was evident during short-term follow-up through their middle-aged years, but during long-term follow-up through a median age of 68 years, a U-shaped relation was evident. Among older women (aged 55-74 years), a similar U-shaped relation was evident during shortterm follow-up through a median age of 71 years, but this trend reduced to a linear relation during long-term follow-up through a median age of 87 years.
Taken together, the findings from long-term follow-up of middle-aged women and short-term follow-up of older women are suggestive of an etiology occurring during the fifth to seventh decades of life that increases the risk of disease-related mortality among a proportion of the lean women who were probably lean during middle age. However, the overall findings among the lean older women studied here indicate that while a proportion experienced a higher mortality risk during their fifth to seventh decades (figure 1, median age, 68 years; figure 2, median age, 71 years), the remainder, who survived beyond the seventh decade, experienced a greater longevity than their heavier peers (figure 2, median age, 87 years). This dichotomous survival experience among the lean older women raises the possibility that specific endogenous or exogenous factors were selectively impacting survival among the lean older women of the cohort.
Such factors may include, but are not limited to, the effects of genetics (33) , weight fluctuation (15, (34) (35) (36) (37) (38) (39) , body fat distribution (16), physical activity (4), hormone replacement therapy (40, 41) , and menopause (42) . It has been proposed that at least some of the variation in leanness within a given population may be due to genetics (34) , thus introducing the possibility that the etiology of disease among lean humans may be due to other genetically influenced traits within a characteristic "lean genotype" and not to the leanness itself. Large weight fluctuation, particularly weight loss, has been identified in some (34) (35) (36) , but not all (10, 11) , studies as a possible confounder or modifier of the mortality risk attributed to underweight. Although data on weight fluctuation during the follow-up are not available for the entire cohort, it Am J Epidemiol Vol. 146, No. 1, 1997 is noteworthy that exclusion of all women with nonstable baseline weight from our analyses had little effect on the magnitude of the BMI-specific risk estimates (table 3) . The latter effect may relate to previous findings in the Adventist cohort indicating stable, long-term (24-year) dietary intake (43, 44) . We have not controlled for physical activity level or body fat distribution (i.e., waist-to-hip ratio). Therefore, the BMI-specific risk estimates presented here should be interpreted as reflecting the effect of BMI plus the effect of any activity level and/or body fat pattern specific to that BMI. In addition, we have not controlled for hormone use (oral contraceptives and estrogens), although the prevalence of exogenous hormone use in 1960 is likely to have been low.
We have provided possible etiologic explanations for the observed age dependency in the relation between BMI and mortality in this cohort. However, it should be noted that when using population data, an attribution of this effect to etiology may not be possible. The attenuated risk estimates for the older women of the cohort we studied are somewhat predictable when considering a "survivor" effect (45) , in which the proportion of women who were susceptible to mortality because they were in the extremes of the BMI distribution (underweight, overweight) would decrease over time, thus decreasing the magnitude of the risk estimates for older women. Among the older women, the increase in the mortality rate, number of competing causes of death, and proportion of subjects experiencing greater longevity due to hereditary factors would further weaken the magnitude of BMIspecific risk estimates. It is also relevant that in older populations there is an age-related redistribution of body fat (46) and an age-related increase in the relative amount of body fat due to loss of fat-free mass (17, 18, 47) . In a recent report, Baumgartner et al. (17) suggested that an age-related decrease in the relative amount of fat-free mass indicates that an older individual would likely have a higher level of body fat than a younger individual of the same calculated BMI. Assuming a systematic underestimation of body fat across the full range of BMI, relative risk estimates for the older subjects would be unaffected. However, if "true" adiposity is differentially misclassified across the full range of BMI, the potential for bias does exist. Overall, the observations described above offer plausible methodological explanations for the observed age dependency in BMI-specific mortality risk for this cohort.
A notable limitation of this study is that the anthropometric data were obtained by self-report. As described above, the correlation between self-reported and in-person measurement of weight in a random sample of Adventists was high (/? = 0.94) and of a magnitude similar to validity studies in other populations (48) . Thus, measurement error in the selfreported BMI obtained from the population we studied is not likely to have substantially influenced results.
In summary, our findings from an Adventist female population indicate that the relation between body mass and disease-related mortality in this cohort is complex. Across a wide range of birth cohorts, characterization of this relation as being singularly linear or nonlinear seems inappropriate since the impact of body mass on longevity showed dependence on age and follow-up time. After accounting for these and other known effects, we found that leanness maintained among healthy middle-aged women may produce an excess risk of disease-related mortality in old age.
